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The invention relates to a process for the production of wear-resistant, coated surfaces. 
Processes of the type addressed here are known. They serve for example to provide a surface 
consisting of aluminum or an aluminum alloy, for example the surface of a hole, with an oxide 
layer. To carry out the prior-art coating process the workpiece is connected to the positive pole of 
a voltage source, therefore forming the anode. A lead plate connected to the negative pole forms 
the cathode which is introduced into the hole. An electrolyte, here diluted sulfuric acid, is 
conducted into the chamber bordered by the workpiece and the cathode. The chamber has an inlet 
and an outlet and the electrolyte flows through in one direction. It has been proven 
disadvantageous that the thickness of the aluminum oxide layer is different over the surface to be 
coated, that is, on one side of the workpiece the thickness of the oxide layer is greater than on the 
other side. Thereby desired tolerances in the form of the surface can be adhered to in all cases so 
that the coated surface must be reworked, for example, by grinding or honing in order to achieve 
a high precision in form and dimensions. 

DE 1 909 870 describes a process for the galvanic deposition of metals on the outer and inner 
surfaces of porous metallic, or premetallized non-metallic, formed bodies. It was discovered that 
on the outer as well as on the inner metallic surfaces of a porous formed body a nearly uniform 
galvanic deposition of metal can be achieved if the electrolyte is pressed through the pores of the 
formed body serving as electrode at a certain rate, preferably at a rate of 80 to 130 cm/sec. If the 



formed body is very thick-walled, then a reduction of the layer thickness of the metal deposit in 
the direction of flow of the electrolyte is observed. By timed reversal of the direction of flow of 
the electrolytes and by arrangement of two anodes this disadvantage can be eliminated. 

Summarv and Object of the Invention 

It is the objective of the invention to provide a process of the type stated initially which does not 
have the disadvantages described initially. 

For the realization of the objective of the invention a process with the features of claim 1 is 
proposed. This is distinguished by the fact that the direction of flow of the electrolyte during the 
coating process is reversed at least once. By the reversal of the direction of flow of the electrolyte 
at a preferably precisely defined point in time a specific effect on the distribution of the thickness 
of the layer and the desired theoretical dimensions is possible, that is, the thickness of the wear- 
resistant layer generated by the electrolyte can be adjusted. Thereby the form of the surface to be 
coated, therefore, for example, the conicity of a hole or the planeness of a plate can be influenced. 

The surface to be coated consists of aluminum or an aluminum alloy. An oxide layer is formed 
thereon which is also designated as anodizing layer. This form of electrolysis is also designated as 
anodizing or anodic oxidation in which the workpiece to be coated serves as anode and a, for 
example lead, plate serves as cathode, both being introduced into a reaction space or bordering it. 
An electrolyte, for example diluted sulfiiric acid, flows through the reaction space. The anodizing 



layer generated by the anodizing is hard and very resistant to the influence of chemicals. 

In an advantageous form of embodiment of the process the surface to be coated is curved, in 
particular cylindrical, or plane. By the deliberate reversal of the du-ection of flow of the electrolyte 
the form and/or the theoretical dimension can therefore be influenced in the case of curved as well 
as plane surfaces. The process according to the invention is particularly advantageous in the 
coating of a passageway or a sack hole on whose precision of form and dimension high demands 
are made, such as, for example, a hole for a valve piston of a conveyance device used in a vehicle. 
In many cases a hole has a conical form instead of a cylindrical one after its completion, which can 
be compensated or eliminated by the deliberate reversal of the direction of flow of the electrolyte 
during the coating of the surface. Furthermore, the form of plane surfaces can be intentionally 
changed, in particular adjusted, with the aid of the above-described process by influencing the 
distribution of the thickness of the layer. Thereby plane surfaces can be produced which have a 
high precision of dimension. 

An apparatus for carrying out the process includes a reaction space connected to at least two 
connecting lines of which a first connectmg line serves as inlet and a second connecting line serves 
as outlet for an electrolyte which can be transported by means of a feed line. The workpiece to be 
coated or the at least one surface is introduced into the reaction space and at least brought into 
contact with the electrolyte. It is also possible that the workpiece borders or forms a part of the 
reaction space. This is, for example, possible in the case of a workpiece with a hole to be coated. 
An electrode is introduced into the hole whose surface is intended to be coated. At least one 
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anode is located in the reaction space and a cathode or the workpiece is connected to one of the 
two poles of the voltage source and thus forms the anode or the cathode. The apparatus is 
distinguished by the fact that in the path of flow of the electrolyte a change-over device, for 
example, a valve, is provided with whose aid the mlet and the outlet can be interchanged. With the 
aid of the manually or automatically switchable change-over device a reversal of the direction of 
flow of the electrolyte through the reaction space at a definite point in time is possible so that a 
constant layer thickness or different layer thickness can be realized on the surface to be coated. 
Thereby the form of the surface, for example that of the hole, plate, or the like can be influenced. 
The inlet and the outlet are in the case of a preferred exemplary embodiment connected to the 
reaction space at a distance fi"om one another in such a manner that the electrolyte preferably 
flows by on the entire, at least however on a large part, of the surface to be coated. 

Additional advantageous forms of embodiment follow fi'om the remaining subordinate claims. 

Brief Description of the Drawings 
The invention will be explained in more detail in the following with the aid of the drawings. 

FIG. 1 shows a schematic view of one exemplary embodiment of an apparatus of the 
present invention, for use in oxidizing a working surface is oxidized in accordance with the 
principles of the present invention; 

FIG. 2A shows a cross-sectional view of a hole being coated in accordance with the 
principles of the present invention; 
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FIG. 2B shows a cross-sectional view of a hole being coated m accordance with the 
principles of the present invention; 

FIG. 2C shows a cross-sectional view of a hole being coated in accordance with the 
principles of the present invention; 

FIG. 3 A shows a perspective view of an additional exemplary embodiment of the 
apparatus in accordance with the present invention; and 

FIG. 3B shows a view sunilar to that of FIG. 3 A with the flow reversed. 

Figure 1 shows a schematic sketch of a first exemplary embodiment of an apparatus 1 for the 
production of wear-resistant, coated surfaces, here of a cylindrical, or essentially cylindrical, sack 
hole 




5 introduced into a workpiece 3. A rod-like electrode 7, connected to a voltage source not 
represented, is inserted into the sack hole 5, said electrode having a first longitudinal section 9 of 
greater diameter and a second longitudinal section 11 of lesser diameter. The diameter of the 
electrode 7 in the area of the first longitudinal section 9 corresponds essentially to the diameter of 
the sack hole 5 while the diameter of the second longitudinal section 11 is smaller than that of 
the sack hole so that between the sack hole 5 and the electrode 7 an annular space is formed in 
the area of the second longitudinal section 11. In the area of the longitudinal section 11 there is 
introduced in the outer circumferential surface of the electrode 7 an encircling indentation in 
which a seal 13 is disposed with whose aid the sack hole 5 is sealed against the environment. The 
opening of the sack hole 5 is therefore sealed by the electrode 7, whereby a closed chamber 
forming a reaction space arises. 

In the electrode 7 a passageway opening 15 is introduced disposed concentrically to the 
electrode's central longitudinal axis 14, said passageway opening being connected to a first 
connecting line 17 at its end opposite the base of the sack hole 5. In the area of the first 
longitudinal section 9 two additional passageway holes 19 disposed at a distance from the central 
longitudinal axis 14 are introduced into the electrode 7 which are connected to a second 
connecting line 21. The connecting lines 17 and 21 are connected to a change-over device which 
is formed here by a 4/2-way valve 23. A return line 27 leading to a container 25 for an electrolyte 
and a feed line 29 also connected to the container 25 are connected directly to the valve 23. 
Furthermore, a feed line formed here by a pump 31 is provided, said feed line sucking the 
electrolyte out of the container 25 and feeding it via the feed line 29, the valve 23, and one of the 
connecting lines 17 or 21 to the sack hole 5. The construction and the function of a 




4/2- way valve 23 is known in itself so that this will not be described in more detail. The 
development from the standpoint of construction of the change-over device, formed here merely 
by way of example by a valve, can vary. What is important is that with the aid of the change-over 
device the direction of flow of the electrolyte in the reaction space be can be reversed. 

In the following it is assumed that the workpiece 3 consists of aluminum or an aluminum alloy 
and that the apparatus 1 serves for the hard anodizing of the surface of the sack hole 5. In this 
electrolysis process the workpiece 3 serves as anode and is connected for this purpose to the 
positive pole of the voltage source while the electrode 7 projecting into the sack hole 5 and 
consisting, for example, of lead is connected to the negative pole of the voltage source and 
therefore serves as cathode. As the electrolyte in this process, for example, diluted sulfuric acid 
can be used. 

In the functional position represented in Figure 1 of the four connections and valve 23 having 
two switch settings the electrolyte is sucked out of the container 25 by means of the pump 31 and 
is brought via the feed line 29, the first connecting line 17, and the passageway opening 15 
introduced in the central area of the electrode 7 into the annular space bordered by the sack hole 
5 and the electrode 7 and sealed against the environment. The electrolyte exiting from the 
passageway opening 15 directly over the base of the sack hole 5 flows along the electrode 7 or 
the surface of the hole in the direction of the sack hole's opening sealed by the first longitudinal 
section 9 of the electrode 7 and is returned via the two passageway holes 19, the second 
connecting line 21, and the return line 27 into the 




container 25. At a precisely defined point in time the valve 23 is set manually or automatically in 
its second functional position. Thereby the direction of flow of the electrolyte is reversed, that is, 
the connecting line 17 is connected to the return line 27 and the second connecting line 21 is 
connected to the feed line 29. The electrolyte fed by the pump 31 from the container 25 then 
enters the sack hole 5 through the passageway holes 19, flows along the surface of the hole in the 
direction of the base of the sack hole, and is returned via the passageway opening 15 in the 
electrode 7, the first connecting line 17, and the return Une 27 into the container 25. 

With regard to the function of the electrolysis process let it be noted that for some time DC 
current flows through the bath, i.e., through the electrolyte, which flows through the reaction 
space bordered by the sack hole or the chamber closed against the environment. Thus, oxygen 
arises at the anode, here therefore at the surface of the hole, said oxygen reacting with the 
aluminum to form an adhesive oxide layer (AI2O3), the so-called anodizing layer. By the 
appropriate choice of the point in time of the reversal of the direction of flow of the electrolyte 
the distribution of the thickness of the layer, i.e., the thickness of the hard anodizing surface 33 
represented in Figure 1 with a dotted line, can be definitely influenced. Thereby it is possible to 
compensate a conicity of the sack hole 5 which, for example, is present at the completion of the 
sack hole 5. That is, through the at least one reversal of the direction of flow of the electrolyte at 
a definite point in time during the coating process it is achieved that the oxide layer has a smaller 
thickness at the hole's end having the smaller diameter than at the other end having the greater 
diameter. The conicity of the hole, which is, for example, 6 |Lim at a length of the hole of 




40 mm to 50 mm, can be compensated thereby so that the hole has a cylindrical form after the 
coating process. 

From all of this it follows without further efforts for the process described that it can be used 
advantageously in particular wherever a high precision of form and/or dimension of the surface 
to be coated is required, for example, in valve piston holes in a hydraulic conveyance device, for 
example, a power steering pump for a vehicle. 

The determination of the times for the individual flow directions, therefore the determination of 
the points in time of reversal of the direction of flow of the electrolyte, can be done by 
calculation as well as empirically by a comparison of the diameter of the hole before and after the 
hardening process. In the following a method for the determination of the point in time of 
reversal of the direction of flow or the period of time of the individual flow directions will be 
explained in more detail with the aid of Figures 2A to 2C, each of which shows a part of a 
workpiece 3 in the area of a passageway hole 35. In Figure 2A the passageway hole 35 is 
represented after its production but before the hard anodizing and in Figure 2C after the hard 
anodizing. In Figure 2B the passageway hole 35 is represented with its desired theoretical 
diameter and cylindrical form. To carry out the above-described process for the production of 
wear-resistant, coated surfaces an apparatus not represented in the Figures 2A to 2C is used 
whose layout is different from that described with the aid of Figure 1 with the aim that the 
connecting lines connected to the return line leading to the container and to the feed line 
connected to the pump, said 




connecting lines fonning the inlet and outlet for the electrolyte, are each connected to an opening 
of the passageway hole 35. 

As can be seen from Figure 2A the passageway hole 35 has a conical form after its production, 
that is, the diameter of the passageway hole is different in the area of its openings. One diameter 
is designated by 0^^^^ and the other with 02nach- ^^^^ '^he preprocessing of the passageway hole 
35 the theoretical diameters 0^^^^ and 02nach measured and from this the anodizing time is 
determined or calculated by means of the following equation: 

A0 = 0,„„-K(0,+02)/2, 
where K is a parameter or a constant which can be determined empirically or by calculation. 
After the coating of the passageway hole 35 the theoretical diameters 0inach 02nach 
determined. The times for the individual directions of flow are determined or calculated from the 
difference 0y^,r-0nach- represented in Figure 2C, the difference in diameter between 0inach 
02nuch is smaller than before the coating process. The conicity is therefore substantially 
compensated in the case of this exemplary example. The conicity can be compensated by the 
above-described process at least better than is possible by the prior-art production processes 
designated as Dalic processes. 

Figures 3 A and 3B each show a perspective view of a part of an additional exemplary 
embodiment of the apparatus 1 in which the work piece 3 is a plate whose plane or essentially 
plane surface is to be 



provided with an oxide layer. The tubular electrode 7 forming the cathode is held for this purpose 
perpendicular or essentially perpendicular and at a distance from the workpiece 3 which is 
located in a 

reaction space, for example in a bath through which an electrolyte can flow. In the coating 
process the liquid electrolyte, for example sulfuric acid, is applied for a definite period of time 
via the passageway opening in the electrode 7 to the surface of the workpiece 3 to be coated 
(Figure 3A). The electrolyte is incident essentially in the middle of the plate and flows from 
there, as indicated with arrows 37, in the direction of the lateral edge of the workpiece 3. At a 
desired point in time, determined empirically or by calculation, the direction of flow of the 
electrolyte is reversed so that it flows from the lateral edge of the plate-like workpiece 3 into its 
center and is returned via the passageway opening in the electrode 7 into the container. 

Through the adjustable period of time of the individual directions of flow the form of the plane 
surface of the workpiece 3 can be influenced and the thickness of the layer can be adjusted in the 
edge area as well as in the central area of the workpiece 3. Thereby unevenness on the surface to 
be coated can be compensated. 

From all this it is clear that in connection with the present invention a closed chamber as well as 
a bath is understood by the term "reaction space." 



In summary it remains to be determined that, with the above-described process, the thickness of 
the layer generated in the coating process can be influenced for curved as well as plane surfaces. 
By the control of the distribution of the thickness of the layer a specific effect on the form of the 
coated surface is furthermore possible. The development of the apparatus for the production of 
coated surfaces, for 

example the form of the electrode forming the cathode during hard anodizing, the inlet 
connection and the outlet connection for the electrolyte, and the like are adapted to the form of 
the surface to be coated and/or the workpiece. Through the exact distribution of the thickness of 
the layer a reworking of the coated surface in order to obtain a desired form and/or an exact 
dimension, can be omitted in given cases since these parameters can be set sufficiently precisely 
by the precise control of the period of time of the directions of flow of the electrolyte in many 
cases. 



